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Research Goals 

 Analyze the role of denitrification/nitrogen 
sequestration  and harvest in optimal management 
of natural oyster reefs 
 

 Assess NPV of Harris Creek restoration initiative 
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Bio-economic Models 

Wild stock 
 Kasperski & Wieland (2010) 
 Mykoniatis & Ready (2015) 
 
Aquaculture 
 Miller (2009) 

 
 



Shell as limiting factor 

 Powell et al. (2006) 
 Mann & Powell (2007) 
 Powell & Klinck (2007) 



Biological model 
Jordan-Cooley et al. (2011) 

Three equations governing oyster population dynamics 
 O = live oyster population 
 B = oyster shell (reef) 
 S = sedimentation 

 



Live oyster population 
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Oyster growth =  
 logistic growth – disease and predation – smothering 

 



Oyster shell 

Reef growth =  
 Oyster mortality – Shell degradation 
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Sedimentation 

Sediment rate =  
 Deposition rate – erosion 
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Economic Value 

Value =  
 Harvest + Denitrification + Sequestration 
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Numerical solution 

Deterministic Dynamic programming 
 CompEcon Toolbox for Matlab 
 5% discount rate  
 3%, 7%, 11.8% sensitivity 

 $28.9 bu-1 harvest price 
 $18.63, $44.79 sensitivity 

 $10 lb-1 nitrogen price 
 $0, $4, $20 sensitivity 

Jordan-Cooley et al. (2011) 



Oyster harvest 
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Oyster stock 
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Net Present Value 
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Harris Creek Restoration 

 $31.6 million restoration of 377 acre oyster reef 
 

 Assumptions:  
 6 years until “restored” 
 Value begins to be generated in year 7 
 50 year time horizon (ensure sustainability assessed) 
 NPV calculation for each modeled scenario 

 



Harris Creek Restoration NPV 

 24 simulations over 50 year time horizon 
 16 positive NPV (67%) 
 8 negative NPV (33%) 
 

Metric Mean Median STD Min Max 

NPV $ million 19.84 18.55 27.2 -21.1 67.3 

Break-Even years 15.25 14 6.6 - 34 

Oyster Stock Oysters m-1 380 430 170 0 580 



Conclusions 

• Optimal management includes both ecosystem service 
provisioning and harvest 
 

• Reef level heterogeneity important 
• Dynamics more sensitive to biological vs economic parameters 

 
• Harris Creek NPV positive for 67% of simulations 

 
• Private funding for restoration likely not viable 



Questions? 
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Full Results 

Model Total $/m2 Harvest $/m2  Denitrification $/m2 Sequestration $/m2 NPV ($Million) Break-even Year 
Baseline 51.28 17.72 25.31 8.25 26.3 15 

100% Cull mortality 43.46 12.32 25.31 5.83 20.1 18 
Shell degradation = 0.9 46.60 14.41 25.31 6.88 21.1 17 
Shell degradation  = 0.5 56.69 21.50 25.31 9.88 32.5 13 
Nitrogen price/lb = $0 18.40 18.40 0 0 -10.8 - 
Nitrogen price/lb = $4 31.83 18.24 10.12 3.46 4.4 34 
Nitrogen price/lb = $20 83.97 17.35 50.62 16.00 63.3 8 

Harvest cost = $9 42.35 9.50 25.31 7.54 16.3 20 
Harvest cost  = $3 72.27 37.92 25.31 9.05 50.1 10 

Oyster price = $12.15 61.48 27.39 25.31 8.77 37.9 12 
Oyster price = $8.55 42.98 9.89 25.31 7.79 17.0 19 
Discount rate = 0.03 71.27 24.63 35.35 10.69 58.5 12 
Discount rate = 0.07 39.66 13.60 19.29 6.77 8.2 22 
Discount rate = 0.118 25.95 8.62 12.64 4.69 -12.1 - 

Natural Mortality = 0.2 87.49 44.42 25.31 17.76 67.3 8 
Natural Mortality = 0.6 26.07 0.60 25.30 0.17 -2.1 - 
Carrying Capacity = 0.1 9.23 3.67 7.79 -2.23 -21.1 - 
Intrinsic growth  = 0.7 16.76 0 18.58 -1.83 -12.7 - 
Intrinsic growth  = 1.3 84.76 41.23 25.31 18.22 64.2 9 

Sediment deposition = 0.08 17.83 6.43 9.93 1.47 -11.4 - 
Sediment Decay Rate = 0.04 52.80 18.64 25.31 8.86 28.1 15 

Burial Scaling factor = 30 60.60 24.25 25.31 11.05 36.9 12 
Burial Scaling factor  = 10 22.78 0 23.87 -1.09 -5.9 - 

No harvest 27.56 0 25.31 2.25 -0.05 - 



Comparison with Jordan-Cooley et al. 
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Approximation 

 Collocation Policy iteration (Newton’s method) 
 Linear spline approximation for state space 
 Oyster population = 90 nodes 
 Reef growth = 7 nodes 
 Siltation = 4 nodes 

 Tolerance set to square root of machine precision 
 ~1.49e-8 

 



Value function residual 
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Present value 
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Nutrient trading 

 



Schulte et al. (2009) 

 29.89 acres of reef restored to high relief (HRR) in 
2004 
 (25 – 45 cm) 

 

 Less than 2 oysters m-2 density pre-restoration 
 

 Persistent 1000 oysters m-2 density on HRR after 
restoration (sampled in 2007 & 2009) 



Oyster nutrient credits 

 Shellfish Aquaculture: Ecosystem Effects, 
Benthic–Pelagic Coupling 
and Potential for Nutrient Trading 
Roger I. E. Newell 
Roger Mann 
A Report Prepared for the Secretary of Natural 
Resources, 
Commonwealth of Virginia. 
June 21, 2012 



Crassostrea virginica: Denitrification and 
Nitrogen Sequestration 

 Newell et al. (2005) 
 Kellogg et al. (2013) 
 STAC (2013) 
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